Abstract: Semiempirical calculations were performed to carry out a conformational analysis for carbohydrate-derived dienophiles 1-4. For α,β-unsaturated carbonylic compounds 2-4, a good correlation between Diels-Alder reactivity with calculated values for LUMO energies was observed.
Introduction
As part of our studies on the Diels-Alder reactions of D-glucose-derived dienophiles with cyclopentadiene, [1, 2] we undertook a theoretical investigation on the conformational and electronic properties of the dienophilic structures 1-4.
The application of the frontier molecular orbital theory could be of interest since the reactivity of the dienophiles in normal Diels-Alder reaction could be correlated with their LUMO energies. This kind of theoretical treatment has been used to make important qualitative studies on the reactivity and outcome of cycloaddition reactions in different dienophilic systems, including some sugar-derived dienophiles.
[3]
Experimental
The search for the minimum on the potential energy surface for the dienophiles 1-4 and cyclopentadiene were carried out using the semiempirical program AMPAC version 2.1. The calculations were performed at the Restricted Hartree-Fock (RHF) AM1 level of theory. The stationary points were obtained through adequate algorithms and characterized through a hessian matrix calculation. Finally, the relative stability and the LUMO values of the different conformers corresponding to each dienophile were analyzed.
Results and Discussion
The comparison of the energy differences between HOMO diene -LUMO dienophile versus HOMOdienophile -LUMO diene demonstrated that the frontier molecular orbitals for the processes under study were the HOMO of the diene and the LUMO of the dienophile . These results confirmed that the Diels-Alder reactions were normal ones. A comparative analysis of the LUMO energies for the series of α,β-unsaturated carbonylic dienophiles showed that longer side chain favored the existence of no coplanar structures, and this effect is in concordance with the spectroscopic data recorded from these compounds. Furthermore it was observed an increased of the LUMO energies, thus, diminishing the reaction rate. This fact is sustained by the experimental results which indicated that longer side chains correspond to lower dienophile reactivity.
